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The ferromagnetic and antiferromagnetic states of La(Fe x A11 -x)13 were studied by neutron diffraction and magnetostriction 
measurements. We present a model for the magnetic structure of the antiferromagnetic state, consisting of ferromagnetic 
clusters, coupled antiferromagnetically. Magnetostriction data exhibit a strong Invar character and contain information about 
the origin of the magnetic moments. 
La(FexAll x)13 intermetallic compounds can be 
stabilized in the cubic NaZn13-type structure with iron 
concentrat ion x between 0.46 and 0.92 [1]. In this 
l imited concentration range the compound may be found 
in three magnetic structures (see fig. 1): (i) at low iron 
concentrat ion a mictomagnetic state was found. (ii) At 
higher iron concentration a soft ferromagnetic state 
exists where the Fe-moments follow closely the 
Slater-Paul ing curve. (iii) At the highest iron concentra- 
tions an antiferromagnetic state was found, with sharp 
metamagnetic transitions to the fully saturated ferro- 
magnetic state, accompanied by a large hysteresis of 
order of 5 T and a strong volume change [2]. The 
collapse of ferromagnetic order for x < 0.86 to antifer- 
romagnetic order for x > 0.86 in this Fe-based inter- 
metallic compound may be linked to the collapse of 
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Fig. 1 Magnetic phase diagram of La(Fe, AI 1 -x)13" The inset 
shows a projection along the c-axis of four icosahedra plus 
central atoms (clusters). 
antiferromagnetism in 7-Fe. Here, comparable mecha- 
nisms might be present due to the special crystal struc- 
ture of La(Fe, A1)I 3, which permits a high Fe -Fe  coor- 
dination number up to 12 with fcc-like local symmetry. 
The cubic NaZn13-type structure has two different 
sites for the Fe atoms in a ratio 1 : 12. The Fe I atoms 
and the La atoms form a CsC1 structure. Each 'Fe  l
atom is surrounded by an icosahedron of 12 Fe u atoms 
and thus has an fcc-like local symmetry. The icosahedra 
are packed in alternate directions o that each unit cell 
contains 8 icosahedra nd therefore 104 spins. Each Fe u 
atom has 1 Fe I and 9 Fe II nearest neighbors. 
Neutron powder diffraction measurements were per- 
formed on a ferromagnetic x = 0.69 sample and an 
antiferromagnetic x = 0.91 sample at 4.2 K and at room 
temperature [3]. The refinement analysis of the diffrac- 
tograms at room temperature showed that the Fe I sites 
are predominantly (> 97%) occupied by Fe. The A1 
atoms are thus statistically distributed only over the 
Fe II sites, thereby favoring the fcc-like coordination of 
the Fe atoms. 
The refinement analysis of the diffractogram of the 
antiferromagnetic x = 0.91 sample at 4.2 K is more 
difficult because each unit cell contains 104 spins. 
Therefore, we have modelled the system by considering 
each icosahedron plus central atom as a cluster. This 
cluster model is the only possible symmetric arrange- 
ment, in which each Fe atom is unambiguously assigned 
to a single cluster. Several antiferromagnetic cluster 
structures were constructed of which the model il- 
lustrated in fig. 2 fitted best with the neutron diffracto- 
gram [3]. The best fit was obtained with the central Fe l 
spin parallel to the cluster spin, with a different Fe l 
moment with respect o the surrounding Fe II moments. 
The final results of the refinement analysis are 
2.14(3)/~B/Fe for the Fe II moment, and 1.10(7)t~B/Fe 
for the central Fe I moment. These values have to be 
compared with 2.13(2)/~B/Fe, obtained by magnetiza- 
tion measurements of the spin flipped state. Our model 
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Fig. 2. Model for the antiferromagneuc structure of 
La(Fe, AII ~)13- Each spin represents a cluster of thirteen 
atoms. 
is consistent with the observation that the spin-flip 
fields are low when compared to the magnetic ordering 
temperature. The occurrence of the small magnetic mo- 
ment (1.1/~B/Fe) in the antiferromagnetic ground state 
might reflect the instabil ity of the iron moment in an fcc 
local environment [4]. 
The spontaneous volume magnetostrict ion (cos = 
AV/V)  was measured for three ferromagnetic and one 
antiferromagnetic sample from 6 K up to room temper- 
ature [1]. The results are shown in fig. 3 after subtract- 
ing the phonon term. At low temperature cos can be 
described by a combined local moment and band model, 
as proposed by Shiga [5]: 
cos = KC,o~E (m,-re.i> + XCb. .dY ' .m2 i ( r )  
~/ i 
with K the compressibility, Cio ~ and Cband the magne- 
tovolume coupling constants due to the local moments 
and the band splitting, respectively, and rn, the local 
moments. For the ferromagnetic state this relation can 
be reduced to: 
co s = x(  C,o c + Cband)M2(T)  = IcCM2(T) .  
By comparing the saturation magnetization and the 
spontaneous volume magnetostrict ion at 0 K, we find a 
value for the magneto-elastic coupling constant xC = 
1.75 x 10 -8 cm6/emu 2 for both the ferromagnetic and 
the spin-fl ipped antiferromagnetic state near the mag- 
netic phase boundary. This value is about twice as large 
as for bcc-Fe, FeNi Invar and Fe 3 Pt. 
We now can separate the band and local moment 
term, by calculating these parameters within the cluster 
model, obtained from the neutron diffraction results. 
Going from the antiferromagnetic ground state to the 
induced ferromagnetic state, the sp in-sp in correlation 
function increases from 0.59 to 1.00, and m 2 increases 
IO.  ~ I I - -  
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Fig. 3. Spontaneous volume magnetostriction ~, vs. tempera- 
ture T and reduced temperature T/T~. 
6%. Experimentally we found that cos in the antiferro- 
magnetic state is 57% of the value in the ferromagnetic 
state. Although the accuracy of these values must not be 
overestimated, we conclude that the volume-magneto- 
striction in La(Fe, A1)I 3 mainly arises from the local 
moment contribution. It can be inferred from fig. 3 that 
cos starts to increase at a distinct temperature (280 K). 
As we expect the correlation between the spins to scale 
with T/T~, this means that the local moments start to 
increase or even to form from 280 K downwards, inde- 
pendent of the magnetic ordering temperatures. 
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